A review of the literature published in 2015 relating to the assessment, evaluation and remediation of contaminated aquatic sediments is presented. The review is divided into the following main sections: policy and guidance, methodology, distribution, fate and transport, risk, toxicity and remediation.
The State of California in the United States of America (USA) is supporting the development of a consistent and quantitative sediment assessment framework to aid in interpreting a narrative objective to protect human health (Greenfield et al., 2015) . The conceptual basis of this framework focuses on whether observed pollutant concentrations in seafood from a given site pose unacceptable health risks to human consumers evaluated by interpreting seafood tissue concentrations at the site, based on health risk calculations and whether sediment contamination at a site is a significant contributor to seafood contamination which is evaluated by interpreting sitespecific sediment chemistry data using a food web bioaccumulation model. (Burkhard et al., 2015) . Relative weight change during exposure varied across sediments in the absence of food, from very little change to as much as a 40 % decrease from starting weight. Diepens et al. (2015) assessed the causal links between species traits and bioaccumulation by marine invertebrates by measuring and modeling polychlorinated biphenyl (PCB) bioaccumulation by four marine benthic species. Biota sediment accumulation factors (BSAFs) ranged from 5 to 318, in the order Nereis virens < Arenicola marina < Macoma balthica < Corophium volutator with the high BSAF values and their concomitant variability across the species challenging approaches for exposure assessment based on pore water concentration analysis and equilibrium partition theory.
Low-density polyethylene (LDPE) passive samplers containing performance reference compounds were deployed at multiple depths in two urban coastal marine locations to estimate dissolved concentrations of hydrophobic organic contaminants (HOCs), including dichlorodiphenyltrichloroethane (DDT) and its metabolites, PCB congeners, and polybrominated flame retardants (Joyce et al., 2015) . Seawater concentrations of DDTs and PCBs increased with depth, suggesting that bed sediments serve as the source of water column HOCs in Santa Monica Bay (California, USA) and that these samplers are a viable alternative for monitoring of HOC exposure. Lydy et al. (2015) reviewed the literature that uses Tenax ® TA, a 2,6-diphenylene-oxide polymer as an extraction tool to measure bioavailability of HOCs in sediment.
The rapidly desorbing fraction was well correlated with the extent of degradation, bioaccumulation, and toxicity of hydrophobic contaminants and the Tenax extraction was effective with laboratory-spiked sediments, field-collected sediments, laboratory-exposed organisms, field-collected organisms, and studies among laboratories.
Aquatic invertebrates were examined as an indicator of recent exposure to PCBs to determine whether invertebrates collected using artificial substrates (i.e.,
Hester-Dendy samplers) could be used to discriminate among contaminated sites through the analyses of PCBs in whole homogenates of macroinvertebrates (Lazorchak et al., Water Environment Research, Volume 88, Number 10-Copyright © 2016 Water Environment Federation
2015). Macroinvertebrate body burden concentrations
showed similar trends to sediment t-PCB concentrations at the sites sampled indicating that macroinvertebrates can be used to assess sediment contamination among sites that have different PCB levels. Dadi et al. (2015) developed a method to measure the flux of dissolved oxygen content (DOC) between sediment and water involving a two-step incubation, measuring first the fast fluxes followed by a 14-day incubation. Sulfate reduction appeared to be the most important process of organic matter mineralization under anoxic conditions, while aerobic respiration and, to a lesser extent, denitrification dominated under oxic conditions and ultraviolet (UV) can be used as a proxy for DOC at oxic sites after establishing a site-specific calibration. Chanton et al. (2015) used natural abundance radiocarbon to trace the flux of petrocarbon to the sea floor following the Deepwater Horizon oil spill and estimated that 1.8 to 14.4% of the total oil that entered into the environment, settled to the bottom. An approach using hopane tracer estimated that 4-31% of 2 million barrels of oil that stayed in the deep sea had settled on the bottom.
A passive sampler incorporating commercially available solid phase microextraction (SPME) fibers was employed in lab and field studies to measure the freely dissolved concentration of target HOCs (Cfree) and determine its suitability as a proxy for bioaccumulation . Results led to the conclusion that SPME passive samplers can serve as a proxy for bioaccumulation of sediment-associated organochlorines in both laboratory and field studies and reduce uncertainty associated with model predictions that do not adequately account for differential bioavailability. Balaban et al. (2015) proposed a low cost, widely (Samuels et al., 2015) . It is structured around the RiverSpill model which has been enhanced to make use of the 1:100 000 scale National Hydrography Dataset Plus, Version 1.0 (NHDPlusV1) which is a hydrologically connected river network that contains over 3 million reach segments in the USA.
A Vemco Positioning System acoustic telemetry array was used to collect fine-scale movement data and characterize the site fidelity, area use, and dispersal of 83 white croakers on the Palos Verdes Shelf Superfund Site, California (USA) over a 27-month period (Wolfe and Lowe, 2015) . White croaker generally demonstrated low residency and recurrence to the Palos Verdes Shelf, and were observed to be largely nomadic.
Distribution
Contaminants of Emerging Concern. Archived samples collected from the California (USA) coast going back to the 1970s were analyzed for a broad suite of analytes, including pharmaceuticals and personal care products (PPCPs), flame retardants (including PBDEs), perfluorinated compounds (PFCs), and current-use pesticides (Maruya, Dodder et al., 2015 Sediments from a rural to urban gradient along the Alafia River in Florida (USA) were collected to determine the risk of environmental contamination with legacy OCPs and new pharmaceutical contaminants (Yang, Toor et al., 2015) . Three most frequently detected pharmaceuticals in sediments were carbamazepine (100% of samples), trimethoprim (89%), and pseudoephedrine (63%), while acetaminophen, diphenhydramine, lidocaine, and nicotine were detected in <30% of samples.
PBDEs were investigated in sediment and fish tissues from Lake Chaohu in central eastern China (Yang, Fu et al., 2015) . There were 10 PBDE congeners detected out of all 41 PBDEs and BDE-47 was of the highest with 
Spatial and seasonal variations of PBDEs and
PCBs in the sediment of Liaohe River were investigated by Lv et al. (2015) . Results showed that levels of the two classes of compounds were higher in September than in May with tri-and tetra-CBs and BDE 209 dominating. Surface sediment samples were collected from 11 sites in the Dayan River near an electronic waste site in Qingyuan, China (Lu et al., 2015) . These chemicals were present in the sediment and the Detroit River outflow seemed to be a major source to the Lake. Gao et al., (2015) (Tuncel et al., 2015) . Results suggested that combustion is the predominant source of PAHs in the sediments and that fossil fuels affects most of the points, followed by combustion of biomass and human activity.
The occurrence of three groups of organic contaminants (PCBs, PAHs, Me-PAHs) in 15 water courses and rivers located in highly urbanized and industrialized zones was studied (Rabodonirina et al., 2015) . The results
showed that the contamination of these areas originated mainly from combustion processes, their distributions in the aquatic environment depended strongly on their physicochemical properties and low molecular weight PAHs were predominant in the dissolved phase while those with high molecular weight accumulated preferentially in suspended solid matter (SSM) and sediments. ) and that there is likely a second, smaller iodine fraction in the Hanford subsurface that is strongly bound, presumably to the sediment OC and carbonate phases. Mäenpää et al. (2015) aimed to assess the equilibrium status of PCBs in a contaminated lake ecosystem and along its discharge course using equilibrium sampling devices for measurements in sediment and water and by also analyzing biota. Overall, the studied ecosystem appeared to be in disequilibrium for the studied phases: sediment, water, and biota, the chemical activities of PCBs were higher in sediment than in water, and measured lipid-normalized PCB concentrations in biota were generally below equilibrium lipid concentrations relative to the sediment (CLip⇌Sed) or water (CLip⇌W). Concentrations of heavy metals As, Cd, Cr, Cu, Fe, manganese (Mn), Ni, Pb and Zn were investigated in water, sediment and biota (aquatic plant, fish and shrimp) of Nansi Lake, China . The heavy metals in aquatic organisms were not accumulated along the food web except As and Zn.
Concentrations of PCBs in surface sediment samples collected from East Lake, China in summer 2013 were higher than those from winter 2012, while the concentrations of PBDEs did not show much seasonal variations (Yun et al., 2015) . Source analysis showed that Acute toxicity and chemical contamination varied significantly across studied sites at the Bay of Cádiz (SW, Spain) and differed between winter and summer seasons (Maranho et al., 2015) . Sea-urchin embryo-larval and microalgae growth rate were the most sensitive bioassays to a chronically polluted marine coastal area, was carried out in order to discern its intrinsic bioremediation potential (Catania et al., 2015) . Seawater revealed higher diversity of culturable hydrocarbon-degrading bacteria and high total microbial diversity associated with a large selection of hydrocarbon degraders which is believed to contribute to natural attenuation of the area, provided that new contaminant contributions are avoided.
Biodegradation.
The Biomec process, a two-stage treatment based on a short mechanochemical pretreatment followed by an aerobic biological degradation, was developed and tested for detoxifying marine sediments that were largely contaminated by PCBs (Cagnetta et al., 2015) . 
Extracellular organic matter (EOM) from
Micrococcus luteus was used to enhance the biphenyldegrading capability of potentially functional microorganisms (Su et al., 2015) and the obtained results sediments from an industrial site . There were multiple bacterial phylotypes associated with anaerobic degradation of aniline at this complex industrial site. A meso-scale pilot plant was set up to test the efficiency of a bioremediation scheme applied to marine sediments contaminated by heavy metals and hydrocarbons (Moreno et al., 2015) . Bioremediation strategies were successful in removing pollutants from the contaminated sediments and specialization within the bacterial community related to the type of contamination present was detected in the different stages of the process.
Chattopadhyay and Chattopadhyay (2015) reviewed five technologies that have been applied to remediate DDT-contaminated sediments: dredging, sediment washing, phytoremediation, in situ capping, and natural attenuation. They note that DDT and its degradation products can be transformed or partially degraded in sediments under appropriate environmental conditions; however, the degradation products can be as toxic and persistent as the original pesticides or chlorinated organics.
Metals Biodegradation. One of three bacterial species were isolated from coastal sediments of Bushehr (Iran) as the most mercury-resistant bacteria that removed 90% of mercury (Jafari et al., 2015) . A proposed model with In investigating the biogeochemical mechanisms for Cr(VI) reduction in Hanford 100H aquifer sediments, the reduced Cr phases in flow-through laboratory columns were investigated further using spectroscopy to understand the structure and mechanisms involved in the formation of the end products (Varadharajan et al., 2015) . It had previously been shown that reduced Cr in the solid phase was in the form of freshly precipitated mixed-phase Cr(III)-Fe(III) (hydr)oxides, irrespective of the biogeochemical conditions in the columns. Two types of organic-rich sediments were retrieved from an area previously biostimulated while detrital-rich sediments were collected from a location never subject to amendment, and compared to better understand uranium (U) release mechanisms (Mouser et al., 2015) .
Batch incubations demonstrated that primed sediments rapidly removed U from the groundwater, whereas naturally reduced sediments released a sizeable portion of U before U(VI)-reduction commenced. (Pedersen, Kirkelund et al., 2015) . It was noted that remediation time and current density had the highest comparative influence on the cleanup levels and that the targeted heavy metals were bound to different sediment fractions.
Physical/Chemical Treatment. Clock (2015) issued an addendum to the report entitled "In-Situ Using multivariate design and modelling, the optimal conditions for EDR of heavy metals were determined for polluted harbor sediments from Hammerfest
Harbor located in the geographic Arctic region of Norway . A coal-based magnetic activated carbon (MAC) was identified as the strongest of four AC and biochar derived magnetic sorbents for PAHs remediation (Han, Sani, Akkanen et al., 2015) . An 8.1% MAC amendment (w/w, equal to 5% AC content) was found to be as effective as 5%
(w/w) pristine AC in reducing aqueous PAHs within three months by 98% and MAC recovery from sediment after three months was 77% of the 8.1% MAC dose which was insufficient to reduce ecotoxic effects of fine grained AC or MAC amendment on the egestion rate, growth and reproduction of the AC sensitive species Lumbriculus variegatus. Removal of dioxins from sediment and soil was studied using a novel successive self-propagating sintering process (SSPSP) incorporating a carbonaceous material . note that dredging has the potential to impact marine mammals, but effects are species-and location-specific, varying also with dredging equipment type. A preliminary laboratory investigation was conducted to understand the relative contributions of major dredge resuspension and residual processes on the releases of PCBs from sediments to the water column (Karim et al., 2015) . PCB levels in the water column for six simulated conditions were several orders higher than USEPA ambient water quality criteria.
Contaminant exposure in fish and macroinvertebrates was monitored before, during, and after dredging in the Ashtabula River by measuring tissue concentrations of PCB and PAH in brown bullhead catfish (Ameriurus nebulosa) and in benthic macroinvertebrates (Meier et al., 2015) . 
